Abstract
Introduction
Prostate cancer is the most common cancer among men in Western countries 1, 2 . As for many other types of cancer, little is known about exact causes of prostate cancer. So far, old age, black race, a positive family history, and almost 80 low-penetrance genetic markers have been established as risk factors for prostate cancer 3, 4 . Understanding of what cancer survivors think about causes of their cancer and to what extent they are aware of these and other potential risk factors may provide valuable information for health education and prevention initiatives. Previous studies showed a low awareness of risk factors for prostate cancer among the general population [5] [6] [7] . Data on patients' perceptions of individual risk factors for prostate cancer, however, are scarce [8] [9] [10] [11] . Interestingly, previous research showed that patients with prostate cancer (41%) were least likely to specify factors contributing to their cancer as compared to patients with other common cancers, such as bowel, breast or lung cancer (47-74%) 10 . These findings emphasise the need for comprehensive insight into the beliefs and perceptions among prostate cancer survivors.
The aim of this study was to evaluate self-reported causes of prostate cancer among prostate cancer survivors in the Netherlands to obtain insight into beliefs and perceptions of individual causes of their cancer.
Materials and methods
Self-reported causes of prostate cancer were evaluated in this study among Dutch prostate cancer survivors. Recruitment and characteristics of the study population have been described in detail previously 12, 13 . Briefly, men diagnosed with prostate cancer between 2003 and 2006 (n = 1668) were identified from the population-based cancer registry held by the Comprehensive Cancer Centre East in the Netherlands. Those men diagnosed with prostate cancer before the age of 76 years were invited in 2006-2007 to participate in a European study named Polygene which aimed to identify common genetic variants that influence the risk of developing breast or prostate cancer 13 . All eligible prostate cancer survivors (n = 1330) received an invitation letter and information brochure. The information brochure highlighted the need for aetiological research into risk factors for prostate cancer and breast cancer. Lifestyle factors (nutrition and physical activity) and genetic factors were mentioned as established risk factors for prostate cancer in this information brochure. Overall, 956 prostate cancer survivors agreed to participate and filled out a baseline postal questionnaire on socio-demographic Categories of perceived causes were based on answers given by the participants and were presented as clusters of risk factors (environment/heredity/stress/nutrition and physical activity/clinical interventions/voiding problems/vasectomy/ infections/other physical problems/ cycling/smoking/screening/other). Prostate cancer survivors were divided into subgroups to search for patterns among shared characteristics and reported causes. For these subgroup analyses, participants were stratified based on their age, family history of prostate cancer, educational level, body mass index (BMI), and reasons for prostate-specific antigen (PSA) testing. Strata of age were defined as below and equal or above 68 years of age, which was the median age of the study population. A positive family history of prostate cancer was defined as at least one reported first-degree family member (father, brother, son) with prostate cancer. Educational level was classified as low (primary school, secondary school, vocational education) or high (college and university), based on the seven response options in the questionnaire. BMI (kg/m 2 ) was calculated using self-reported weight (kg) and height (cm). Strata of BMI were below 25 kg/m 2 (normal weight) and equal or above 25 kg/m 2 (overweight and obesity). Reasons for PSA testing were either classified as screening and routine check-ups or as complaints and symptoms.
The institutional review board approved the Polygene study and all participants provided written informed consent. The Statistical Package for Social Sciences (SPSS, version 16.0; Chicago, Illinois) was used for all analyses. Mann-Whitney U tests or chi-square tests were used for the comparisons between groups of prostate cancer survivors.
Results
Characteristics of the participants, stratified for those who did and did not report a causal explanation, are presented in Table 1 . The median [interquartile range (IQR)] age at completion of the questionnaire was 68 (63-73) years. Median (IQR) time between diagnosis of prostate cancer and completion of the questionnaire was 26.9 (17.7-36.8) months. The majority of the prostate cancer survivors indicated that they were not aware of any causal factor that might have contributed to the development of their prostate cancer (n = 809; 85%), while only few did not answer this question (n = 4; <1%).
In total, 143 (15%) participants suggested a possible cause of their prostate cancer. These men were younger (p < 0.001), were more likely to have a positive family history of prostate cancer (p < 0.001) and were more frequently currently employed (p = 0.003) compared to men who did not report any cause. ' , 'use of felt-tip pens') rather than general environmental factors (e.g., 'air pollution' and 'car exhaust'). Environmental factors were more frequently reported among participants with lower education (n = 22; 24%) compared to participants with a high educational level (n = 3; 6%) (p = 0.008).
For causes related to nutrition and physical activity an opposite pattern was observed; men with a lower educational level were less likely (n = 7; 8%) to report these factors compared to men with higher education (n = 11; 22%) (p = 0.013). Nutrition and related factors comprise both abundant intake ('abundant alcohol intake', 'salt', 'excessive use of tomatoes' 'I used sweeteners a lot') and deficient intake of foods ('low fruit intake', 'not much fruit during childhood'), as well as specific One participant explicitly mentioned overweight, together with other possible factors, as a cause of his prostate cancer. Participants with overweight or obesity (BMI ≥25kg/m 2 ) did not report causes related to nutrition or physical activity more frequently (n = 9; 13%) in comparison to men with normal weight (n = 9; 12%) (p = 0.874). However, prostate cancer survivors with overweight and obesity mentioned any sort of physical problems relatively frequently (Table 2) . Their explanations appear not to be specifically related to overweight; for instance, 'hypertension', 'thrombosis', 'polyp', 'cyst in prostate' and 'deficient auto-immune system' were mentioned.
Besides the previously discussed factors, many prostate cancer survivors believed that stress has caused their prostate cancer. Participants gave causal explanations such as 'fatigue and stress caused prostate enlargement and subsequently cancer', 'busy lifestyle', 'high workload', 'depression', and 'burnouts'. Stress-related explanations were common among young men with a high educational level, which may suggest that perceived stress is mainly related to current occupation.
Participants (n = 7; 5%) who mentioned infections as a possible cause of their prostate cancer either Other causes that were mentioned are related to voiding problems (n = 8; 6%), other physical problems (n = 7; 5%), vasectomy (n = 7; 5%), cycling (n = 7; 5%), smoking (n = 6; 4%), clinical interventions (n = 6; 4%), age (n = 5; 4%), screening (n = 2; 1%), and others (n = 4; 3%). The last category comprised a variety of causal explanations; 'it is a manthing?', 'use of prednisone and azathioprine', 'an accident as testing engineer', and 'high levels of testosterone'. These and other examples of reported causes are presented in 
Discussion
In this study among prostate cancer survivors, we evaluated perceived, self-reported causes of prostate cancer. Only 15% of the participants mentioned at least one causal explanation, whereas the majority of the participants (85%) indicated that they were not aware of any cause that might have contributed to the development of their prostate cancer.
Awareness of risk factors for prostate cancer among the general population has been studied in the past, however, only a few studies specifically examined perceived causes of prostate cancer among prostate cancer survivors [8] [9] [10] [11] . A previous study showed that patients with prostate cancer were least likely (41%) to report perceived causes, as compared to patients with other common cancers, such as bowel, breast or lung cancer (47-74%). This finding was explained by the authors by the lack of scientific evidence available for factors involved in prostate carcinogenesis 10 . In our study, even a lower percentage of prostate cancer survivors specified possible causes of their prostate cancer, which may be a result of the current awareness among Dutch versus Australian cancer patients. Another possibility is that the question in our study 
Screening

Complaints
Other: 'Use of drugs, high testosterone'
Data are presented as numbers (%). Numbers might exceed the total number of participants in our study as some participants provided more than one answer to the question. 'Heredity', 'Conform age incidence', 'My father; he was diagnosed with prostate cancer when he was 70 years', 'It is in my genes', 'It is a man-thing?', 'My father also was a prostate-person, he got several surgeries since he was 55 years of age', 'Hereditary mutati on (father) could not be excluded', 'DNA', 'Heredity, therefore I asked for a screening', 'Because my father also had prostate cancer, I think that it is hereditary' …with an unknown or unidenti fi ed eff ect on prostate cancer risk This table is provided in order to give insight into the types of perceived causes reported by the participants. The classification of perceived causes into the different categories is based on a rather arbitrary selection. Future research and new insights might result in a shift of perceived causes among the different categories. Some of the perceived causes reported by the participants may be proxies for other underlying risk factors. 8, 9 and other forms of cancer 14, 15 were based on a prompted list or closed, multipleanswer questions to identify causal perceptions. The prompted question format is considered to reflect recognition and usually indicates higher levels of knowledge compared to open-ended questions 16 . Furthermore, the prompted question format does not allow unique, unexpected or new responses and is strongly directed by views of the health professionals 10 . Because the aim of our study was to evaluate beliefs and self-reported causes of prostate cancer, we used an unprompted question format.
In our study, we expected to find three categories of answers: factors that have been established as risk factors for prostate cancer, factors that are unlikely to have an effect on prostate cancer risk, and factors for which the effect on prostate cancer risk is unidentified or inconsistent.
Factors that have been established as risk factors for prostate cancer
Black race, old age, a positive family history and several low-penetrance genetic markers have been established as risk factors for prostate cancer 3, 4 . Race was not mentioned by any of the prostate cancer survivors in our study, which is expected because 99% of our study population was Caucasian. Although age is established as a main risk factor for prostate cancer, this was mentioned by only a few participants in our study, which is consistent with previous studies 10 . Reasons A positive family history is another main risk factor for prostate cancer 17 . Although causes related to heredity were the most frequently reported aetiological factors in our study (n = 53, 37%), only 19% of the prostate cancer survivors with a positive family history in the first degree reported this as a possible cause. This finding appears to indicate modest prostate cancer awareness among these men. Theoretically, education of high-risk men may stimulate alertness or adherence to screening and thus lead to early detection, improvement of prognosis and reduction of mortality. However, before any education program tailored to these high-risk men can be implemented in clinical practice, it should be carefully considered whether these benefits balance the possible harms (i.e. complications of treatment, mental burden) of early detection and treatment of prostate cancer.
Factors that are unlikely to have an eff ect on prostate cancer risk For several causes identified in our study, there is no or only limited evidence that these factors increase prostate cancer risk 3 10 and others 9, 11, 22 , stress and stress-related causes such as burnouts, depression and fatigue were reported by relatively many participants in our study. From either an epidemiological or biological perspective, the role of psychological stress in prostate cancer development has not been uniformly confirmed 23 . The common hypothesis states that stress impairs the immune function, which in turn may increase susceptibility to malignancies 24 . Although psychological stress has been previously associated with specific types of cancer in some [25] [26] [27] , but certainly not all (e.g., 28 ) studies, only a few studies specifically examined the relationship between stress and prostate cancer risk 29, 30 . In our study, we cannot rule out the possibility that prostate cancer survivors perceived and reported high levels of stress as a consequence of their recent cancer diagnosis or treatment. Ideally, future prospective studies on psychological stress and prostate cancer risk should include both stressful life events and chronic stress as measures of stress, wherever possible supported by reliable biomarkers, and reflecting a relevant timing of exposure. Also infections and inflammation have been specified as possible causes of prostate cancer by the prostate cancer survivors in our study. However, despite extensive research in this field, the exact role of inflammation in prostate carcinogenesis remains debatable 31 .
Limitations and strengths
The relatively small number of participants who provided a causal explanation should be considered in the interpretation of our findings. This small number, however, may also be a plausible indication of the current state of awareness among prostate cancer survivors. Furthermore, causal explanations of the participants might be biased by the design of the provided questionnaire. Since the question on the causes of prostate cancer was the final question, previous questions on exposures to chemicals, smoking, physical activity, sun exposure, baldness, medical history or family history might have influenced thoughts of the participants. However, we assume that addressing these topics in the questionnaire did not discourage the participants from reporting new and unique causes. In addition, among the reported causal factors, we did not observe a striking overrepresentation of the topics addressed in the questionnaire. The median time between diagnosis of prostate cancer and completion of the questionnaire was 26.9 months. We cannot rule out the possibility that prostate cancer survivors changed their perception during this period of time. Strengths of our study are the population-based design and the open-ended question format, which gave the participants the opportunity to provide their own answers, without being led by suggested causal relationships from a prompted list.
Conclusion
The results of this study show that most prostate cancer survivors were not aware of any causal factors that might have contributed to the development of their prostate cancer.
